Objective To assess the clinical outcome of chemical synovectomy with rifampicin in hemophilic arthropathy by using the World Federation of Hemophilia (WFH) scoring system and plain radiograph. Methods We performed rifampicin synovectomy (RS) on 30 joints of 28 hemophilic patients diagnosed as hemophilic arthropathy stage I-III (based on Fernandez-Palazzi clinical classification). Clinical status (bleeding frequency, pain, joint physical status) and radiological staging were evaluated as parts of the WFH scoring system before and 1 year after RS. The patients were divided into two groups by the Arnold-Hilgartner scale of the initial X-ray as stage 3 or less for the low-stage group (n=17) and over 3 for the high-stage group (n=13). Results Total WFH joint physical scores were reduced after injection, and the number of bleeding episodes and pain showed especially significant improvement. For other subscores of the WFH joint physical score, only swelling, range of motion, and crepitus showed statistically significant improvement. According to the severity of the radiologic finding, the WFH joint physical score of both the low-stage and high-stage groups showed significant improvement. In the radiological aspect, the low-stage group, without joint space narrowing at the initial plain radiograph, showed no further aggravation after injection. However, in the high-stage group, radiology found aggravation regardless of the procedure. Conclusion It is suggested that chemical synovectomy with rifampicin may prevent hemarthrosis and improve clinical symptoms. Especially in the early stage of arthropathy without joint-space narrowing, it seems to have an additional benefit that delays radiological aggravation and preserves joint status.
INTRODUCTION
In hemophilia, intra-articular hemorrhage (haemarthroses) is the most common site of serious bleeding. Recurrent bleeding finally leads to chronic arthropathy, up to 86.67% [1] . The most frequently affected joints are the elbows, knees, and ankles [2] . Once haemarthroses occurred, the collected blood-breakdown products act as potent stimulants to the synovium inducing inflammation and damage the metabolism of chondrocytes [3] . Repeated bleedings stimulate synovial inflammation and progress to synovial hypertrophy and developing vascular synovium. In this chronic synovitis stage, the vicious cycle leads to progressive joint degeneration and destruction [4, 5] . The primary aim of care for haemarthroses in hemophilia is to prevent and treat bleeding by supplementing the deficient clotting factor [6] . The Medical and Scientific Advisory Council of the National Hemophilia Foundation, the World Federation of Hemophilia (WFH), and the World Health Organization have recommended prophylaxis (defined as treatment by intravenous injection of factor concentrate in anticipation of and in order to prevent bleeding) to prevent the arthropathic complications of hemophilia [6] [7] [8] . However, despite aggressive regimens of factor-replacement therapy, breakthrough bleeding and subclinical bleeding also occur, leading to structural damage of joints [4] . A chronic stage of synovitis can cause chronic pain, swelling, contracture, limb deformity, and limitation of motion. Thus, by causing hemarthrosis, synovitis leads to functional, psychiatric, and socio-economic problems and deterioration of the quality of life [9] . Hemophilia is an untreatable condition, and planning for lifelong care is essential to prevent intra-articular bleeding and chronic synovitis.
During the phase of chronic synovitis with recurrent bleeding, surgical synovectomy has proven effective in reducing the frequency of bleeding [5, 10, 11] . RodriguezMerchan [2] have reported good results of 85% in rifampicin and yttrium-90 radiation synovectomy as compared to 70% in surgical synovectomy. However, because it is a surgical procedure under general anesthesia, it may be accompanied by some complications, such as infection and rebleeding after surgical procedures. Surgery is usually considered when other less-invasive and equally effective procedures fail. There are some reports that surgical synovectomy after failure of intra-articular injection led to improvement [12] .
In general, medical synovectomy is considered first. The term synoviorthesis (medical synovectomy) is commonly used to describe the intra-articular injection of a substance producing fibrosis of the synovium and subsynovial plexus [13, 14] . There are two basic types of medical synovectomy: chemical or radiological. The radioisotopes commonly used for radiation synovectomy are yttrium-90 and phosphorus-32. Radiation synovectomy showed good clinical outcomes in previous studies [15, 16] . It is advantageous as a single injection, low-factor coverage, and painless procedure. Some have argued that this procedure is safe, because lifetime cancer risk is not increased and radiation-induced malignant tumors in patients with rheumatoid arthritis treated by radiation synovectomy were absent [17] [18] [19] [20] . However, several chromosomal studies demonstrated the possibility of transitory damage without malignant transformation [15] . Two cases of acute lymphocytic leukemia related to radiation synovectomy were reported in two children with hemophilia [21] . Moreover, the radioactive isotype is costly and not easily obtainable [13] .
Rifampicin is one of the materials of chemical synovectomy that is easily available [15, 22] . Rifampicin synovectomy showed effectiveness in previous studies [10, [22] [23] [24] [25] . With other materials, such as osmic acid, the results of synovectomy were not good as with radiation synovectomy [16, 18] . However, rifampicin synovectomy was as effective as radiation synovectomy [2, 24] , and does not prevent the use of either radiotherapy or surgery later [26] .
From these perspectives, chemical synovectomy with rifampicin is already widely used to treat chronic hemophilic synovitis [22, 24] . However, there are only a few reports in Asia, and our study is the first report in Korea. Despite clinical advantages, arthropathy is not completely curable, in that it may continue to degenerate. The best method to delay its progression is not clear. The aim of this study is to evaluate the effectiveness of rifampicin synovectomy in Korean hemophilia patients in many clinical aspects, including its radiologic status. In addition, we want to know whether it is still efficacious when we treat with a 2-week interval injection protocol.
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MATERIALS AND METHODS

Subjects
This was a nonrandomized, pre-post intervention study performed in the Korean Hemophilia Foundation, including hemophilic patients suffering from arthropathy. All the patient had undergone clinical evaluations based on the Fernandez-Palazzi classification. The ones with persistent synovitis and recurrent bleeding episodes that were unresponsive to factor-replacement therapies and with no history of previous chemical or surgical synovectomy on the same joint were selected. Those who had stage-IV synovitis by the Fernandez-Palazzi classification were also excluded, because previous studies had proved that synoviorthesis was not helpful and was contraindicated in this stage [24, 25] . We performed chemical synovectomy using rifampicin at 30 joints (10 elbows, 8 knees, 12 ankles) of 28 hemophilic patients with a diagnosis of hemophilic arthropathy stage I-III.
Rifampicin synovectomy
All selected patients were under secondary prophylaxis for target joints and had received 25 units/kg of antihemophilic factor (AHF) two times per week. Patients were covered with AHF concentrate up to 30% of plasma level concentration on the day of the injection and had continued infusion for 24 hours after the procedure to prevent the risk of bleeding complications [23, 25] . A 22-gauge needle was used, and local lidocaine was injected first. We aspirated fluid before injecting the chemical substance. The dosage of rifampicin (Rifaldin; Aventis Pharma, Madrid, Spain) used for the knee was 500 mg with 7-10 mL normal saline. The knee injection is performed by a suprapatellar lateral route above the lateral corner of the patella and goes directly into the suprapatellar pouch [27] . For elbow and ankle joint injection, the entry point and joint structure were identified by ultrasonography and marked by surgical pen; the dosage of rifampicin was 250 mg with 3-5 mL normal saline. For synoviorthesis of the elbow joint, the needle should be inserted in the center of the triangle formed by the olecranon, the radial head, and the lateral epicondyle. To perform ankle injection, the patient is positioned supine with the ankle in a neutral position to relax the anterior capsule and allow identification of the tibialis anterior tendon, which is the principal landmark. The needle should be injected into the depression between the tibialis anterior tendon medially and the tendinous expansion of the common toe extensors laterally, aiming posteriorly and slightly superior, to enter the joint just above the dome of the talus [27] . Right after the procedure, all joints were compressed for 24 hours with bandages [25, 27] . Acetaminophen was administered orally when needed, but no other parenteral analgesia was used. Patients were discharged after 6 hours and encouraged to gait as early as possible. Intraarticular injections of rifampicin were performed every 2 weeks consecutively, with the total number of injections ranging from four to six [23, 26] . Although the patients complained of pain for a week after the first injection, the pain diminished as injections were repeated and was relieved within a day after the third injection in most patients.
Clinical status (bleeding frequency, pain, joint physical status) and radiological staging were evaluated as parts of the WFH scoring system before and 1 year after the rifampicin synovectomy. Joint physical status, as mentioned above, includes swelling, range of motion, contracture, crepitus, muscle atrophy, axial deformity, and instability. The WFH pain score describes the patient's subjective joint pain as grade 0 (no pain) to grade 3 (severe). For radiologic staging, the Arnold-Hilgartner radiographic scale (AH scale) and the Pettersson score by plane X-ray, which is preferred by the WFH, were checked [28] . The AH scale is categorized into six stages (from stage 0 to www.e-arm.org stage 5). The presence of joint-space narrowing indicates stage 4; and absence of the narrowing means stage 3 or less [29] . Assuming that joint-space narrowing on plane radiography may affect the outcome of treatment, the patients were divided into two groups, by the AH scale of the initial X-ray, where stage 3 or less defined the lowstage group (n=17), over 3 the high-stage group (n=13). A case of plane X-ray with joint-space narrowing is seen in Fig. 1 .
Analysis
Statistical analysis was performed using SPSS software version 17.0 (SPSS Inc., Chicago, IL, USA). A pairedsample t-test was used to compare the pre-and postchemical synovectomy means of the evaluated parameters. Data are reported as mean±standard deviation or proportions as appropriate. Significance was defined as p<0.05.
RESULTS
All 30 joints of the 28 hemophilic patients completed treatment successfully without any adverse response. All patients were men; their mean age was 20.6 years (range, 5-52 years) (Tables 1, 2) . By analyzing the 30 joints of the 28 hemophilic patients, the WFH joint physical score was reduced from 9.27±3.57 to 4.43±4.07 (p<0.05). Regardless of the type of joint, the score decreased, and the difference for each joint is shown in Fig. 2 . The number of bleeding episodes were reduced from 2.07±0.78 to 0.63±0.60 according to the WFH system (p<0.05) (Fig.  3A) . The pain score decreased from 2.03±0.72 to 0.60±0.72 (p<0.05); the score for each joint is shown in Fig. 3B . For other subscores of the WFH joint physical score, only swelling, range of motion, and crepitus showed statistically significant improvement (p<0.05). There were no changes in contracture, muscle atrophy, deformity, or instability (Fig. 3C) .
According to the severity of the radiologic finding, the WFH joint physical score of the low-stage group was reduced from 8.65±3.41 to 3.21±3.66, that of the high-stage group from 10.08±3.75 to 6.04±4.15 (p<0.05) (Fig. 4A) . On the other hand, the radiographic stage was unchanged Values are presented as number or mean±standard deviation. www.e-arm.org and even aggravated in both groups. The low-stage group, without joint-space narrowing, showed no significant difference after injection. However, in the high-stage group, the radiologic finding was significantly aggravated regardless of the rifampicin synovectomy (Fig. 4B) . www.e-arm.org
DISCUSSION
In this study, chemical synovectomy at intervals of 2 weeks using rifampicin showed a satisfactory outcome. Although previous studies were performed every week [15, [22] [23] [24] , we performed chemical synovectomy every 2 weeks, because the 1-week interval was not sufficient for patients to return to normal daily activities before the next injection. Pain after the procedure induced 2-4 days immobilization and disuse of joints, which increased school and workplace absence if we injected every week. To minimize these complications, a 2-week interval was necessary, and patients showed more compliance because they could carry out daily activities and attend work or school before the next injection. However, to investigate which is more effective, the protocols of 2-week and weekly injections should be evaluated by a comparative study. To reduce post-injection pain, although intraarticular injection is widely performed by blind technique, ultrasound-guided injection delivers chemical agents more precisely to the target and may reduce the pain. Also, rifampicin with lidocaine instead of normal saline may reduce pain.
As in many studies already reported, intervention at an early stage of arthropathy shows a better outcome than at a later stage [15, 24, 25] . Although Fernandez-Palazzi [13] reported a good outcome with rifampicin synovectomy, radiologic evaluation was absent. Caviglia et al. [22] observed for 2 years, and rifampicin synovectomy showed good results, especially in the early stage of the knee joint. They suggest that young children respond well to the treatment, but this could be selection bias, in that the joints of younger children might be at a relatively earlier stage of arthropathy. Eshghi et al. [23] reported the effectiveness of rifampicin synovectomy in an Asian population, but there was no study comparing the early and later stages.
The most important points of this study are that we not only proved the effectiveness of rifampicin synovectomy on Korean hemophilia, but also suggested radiological criteria for the early stage. In addition, the subjects' ages in this study were relatively higher than in previous studies, but the result was comparable or better. In Korea, because of preventive treatment from childhood to reduce the frequency of bleeding in joints, the patients with arthropathy were more commonly adolescents rather than young children.
Rodriguez-Merchan et al. [15] compared rifampicin synovectomy and radiation synovectomy with yttrium-90 and found that the early-stage group by the Pettersson score responded better to treatment than the later-stage group did. They recommended the use of rifampicin in elbow and ankle, but preferred yttrium-90 for the knee. In this report, the authors divided clinical status with the Pettersson score into 5 stages, but the categorization lacked radiologic criteria. In our study, we did not compare rifampicin synovectomy with other treatments, but suggest detailed criteria for the early stage in terms of radiology.
Plain radiography remains the standard method of joint evaluation in hemophilic arthropathy. There have been various classifications of hemophilic arthropathy, notably the AH scale developed in the United States, and the Pettersson score, which is preferred by the WFH [28] . Although there are many reports of the advantages of rifampicin synovectomy in the early stage, there is no definite criteria that suggests radiologically early stage yet. Some report that the treatment failed in joints with a narrow joint space, such as the elbow [10] , and given that a narrowed joint space may suggest significant cartilage damage and disturb the distribution of the chemical agent, we assumed that the joint space narrowing should be considered in evaluating radiological status. Jointspace narrowing was mentioned in stage 4 of the AH scale, which may be more applicable than the Pettersson score in this aspect [29] .
There are several limitations of this study. First, it was a short-period study, in that we compared the effectiveness of rifampicin synovectomy for 1 year after treatment. To date we cannot say if our treatment program delays functional impairment in the long term, because of the lack of a longer follow-up. Hemophilic arthropathy is a lifelong disease on which studies should focus on the long-term outcome. The efficacy of chemical synovectomy with osmic acid and radiation synovectomy with yttrium-90 has persisted for up to 9 years in one group of patients [16] . Rifampicin is the most commonly used material for chemical synovectomy; more reports should be accumulated on it. We plan to follow up the patients every year in the future.
Although plain radiograph is the gold-standard tool for hemophilic arthropathy, there are limitations, in www.e-arm.org that soft-tissue lesions and synovial proliferation are not recognizable. Ultrasonography is ideal for finding the presence, extent, and indeed the nature of soft-tissue swellings. This is particularly suitable for patients with hemophilic arthropathy, because the early stages of the disease are largely confined to the synovium [28] . Ultrasound can detect the synovial involvement accurately, and staging of ultrasonographic findings may reflect a more exact status of arthropathy [30] . It is also noninvasive, inexpensive, and readily available, with no reported complications. To detect an early stage of synovial or cartilage alteration, magnetic resonance imaging (MRI) also might be helpful, in that it shows everything, including bone and soft tissues [31] . Although there are some investigations to develop a semiquantative system for assessing hemophilic arthropathy by MRI [32] , one of the most decisive disadvantage is its high cost. In this perspective, we could have suggested more information about the early stage of radiological evaluation if we had performed an ultrasonography work-up. Further studies of rifampicin synovectomy with MRI and ultrasonography findings with clinical assessment of hemophilic arthropathy may present more criteria for early-stage intervention.
In conclusion, rifampicin synovectomy seems to improve the clinical status of patients with hemophilia in Korea. Compared to the previous literature, our findings reconfirm that chemical synovectomy using rifampicin is a cost-effective, simple, and practical method in the management of hemophilic arthropathy [10, 24, 25, 32] . Although the mechanism of rifampicin on an arthropathic joint is not clearly elucidated, considering its effectiveness in the early stage of arthropathy, it presumably inhibits inflammation and hypertrophy of the synovium, which reduces bleeding episodes and delays progression to joint degeneration and destruction [4, 5] . Furthermore, molecular biologic and pathophysiologic study based on rifampicin is necessary to investigate the precise mechanism that delays the progression of joint degeneration. Arthropathic joints of a hemophilic patient may continue to degenerate for all of his or her life, so it is essential to preserve joint status intact as long as possible. Early diagnosis and proper treatment is fundamental to prevent disability. From these results and perspectives, to reduce the complications and to maintain the physiological function of joints, rifampicin synovectomy in an early stage of hemophilic arthropathy should be considered as a treatment option.
